Introduction

50
Higher fruit and vegetable intake has been associated with reduced risk of cardiovascular 51 disease (CVD), all-cause mortality and specific types of cancer (1; 2; 3; 4) . The World Health
52
Organisation (WHO) recommend 400g of fruit or vegetables per day (5) , equating to five 80g 53 portions, and encourages the evaluation of interventions to increase intake of fruits and 54 vegetables (5) . Adherence to advice in dietary interventions is frequently assessed by self-55 report tools (6) , which have known limitations (7; 8; 9) . Social approval bias specifically occurs in 56 fruit and vegetable interventions resulting in overestimated self-reported intakes (9) . Objective 57 measures of fruit and vegetable intake are therefore essential to improve confidence in 58 research findings.
60
Blood-based biomarkers, resulting from the metabolism of fruits and vegetables in the body,
61
have been proposed as objective indicators of fruit and vegetable intake (10) . Biomarkers 62 correlate weakly with fruit and vegetable intake assessed by a range of self-report tools (11; 12) .
63
For example, a meta-analysis estimated the correlation between dietary and plasma vitamin 64 C to be just r=0.3 (13) . However, comparing biomarkers with self-reported intakes to establish 
Methods
86
The review was reported according to items in the PRISMA statement (Supplementary table   87 1).
89
Trial identification
90
A previous systematic review provided studies prior to 2009 in the current review (14) . 
Results
203
Of 3,759 unique records, 144 full text articles were assessed for inclusion and nineteen trials 206 were included in the review (Figure 1) . Nineteen trials were identified in this review, 10 of 207 which were also included in the previous systematic review (14) . periods, there was considered to be risk of pre-intervention or cross-treatment contamination.
233
In trials where consumption of fruit and vegetables was not directly observed, there was 234 considered to be a likely over-estimation of the true ingested amount. A concern in some trials 235 was the inclusion of participants using nutritional supplements, a lack of fasting at the time of where both fruit and vegetables were given (Supplementary figure 17) , but these findings
302
were not robust to adjustment (data not shown). There was no evidence of differences across 303 sub-groups defined by baseline fruit and vegetable intake, fasting status, blood fraction
304
(plasma or serum) or risk of bias (data not shown).
306
Discussion
307
In this systematic review we identified nine additional RCTs compared with a previous 308 systematic review (14) , providing the largest evidence base to date for meta-analysis of the Similar to a previous systematic review (14) , vitamin C and carotenoids were identified as 315 commonly used biomarkers for fruits and vegetables. In the previous systematic review these 316 biomarkers are qualitatively described as consistently responding to increased fruit and , but is considered a strength 
